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Introduction  
The High Plains Aquifer underlies much of Nebraska. It is the primary source of groundwater 
within the Lower Loup Natural Resources District (LLNRD) of central Nebraska. Water derived 
from the aquifer is an important natural resource for the area and supplies water for recreation, 
wildlife and agriculture, as well as domestic, municipal, and industrial uses. Falling spring water 
levels measured in existing observation and irrigation wells have raised concerns about possible 
changes in water availability, groundwater-surface water relationships and water quality in the 
area, prompting the LLNRD to propose test holes and the collection of additional groundwater 
data in the region (Figure 1). 
 
 
Figure 1: Map showing NRD boundaries, extent of the High Plains Aquifer, and test hole locations within the Lower 
Loup NRD along the South Loup River. 
 
The Conservation and Survey Division (CSD) was enlisted by the LLNRD to conduct a test-hole 
drilling study of the area. The purpose of this study was to obtain hydrogeological data that 
would assist the LLNRD with the planning, placement, and design of observation wells along the 
South Loup River in Custer and Buffalo Counties. Priority areas were selected to increase the 
spatial density of CSD test holes and NRD monitoring wells to better identify conditions along 
the South Loup River. Landowner access through well easements obtained by the LLNRD staff 
determined the exact locations of the test holes and monitoring wells. Five test holes were drilled 
between April 3 and April 13, 2017. Hydrogeological data collected from the test holes supplied 
information from which observation well specifications were derived. As a result, observation 
wells were constructed in May 2017.  Additionally, this study provided training to LLNRD staff 
on procedures for test-hole drilling and the design and placement of future observation wells.  
 
Regional Setting and Site Geology  
The study area in central Nebraska lies in dissected loess plains associated with the South Loup 
River watershed, on the southeast (downslope) margin of the Nebraska Sand Hills (Figure 2). 
These sediments overlie Ogallala Group sediments, which is found predominantly in the 
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subsurface of this region. The Ogallala Group is comprised of a wide variety of alluvial, 
lacustrine, and wind-blown volcanic sediments deposited on broad sloping plains crossed by 
large valleys. Below the Ogallala Group, isolated locations with limited sections of the White 
River Group [Brule and/or Chadron Formations] may occasionally be found in the region, but 
are rare. Significant thicknesses are known to exist in the subsurface west of this study, but the 
study reach is near/beyond the easterly extent of these Formations, so the thicknesses and degree 
of lateral continuity between potential occurrences of the Brule and Chadron has not yet been 
mapped in detail within the study area. Occasional channel sands are found in the White River 
Group, representing potentially minor local aquifers that may in some cases have hydraulic 
connection to the larger High Plains Aquifer. Fairly large paleo-channels filled with Chadron 
Formation sand sometimes occur near the base of the Group. No evidence of significant 
channeling was observed in this work. Below the Ogallala or White River Groups is a 170 to 
460-foot-thick section of Upper Cretaceous Pierre Shale in the study area (NOGCC, 2018). The 
Pierre Shale is a dense, organic shale formed in a shallow marine environment. In areas where 
the surface of the Pierre Shale is not eroded by paleo-channels, the upper portions of the shale 
are often weathered to multi-colored soils. (Conservation and Survey Division, 1998, Korus et. 
al., 2013). These soils correspond with the colorful soils found in the Big Badlands of South 
Dakota, including those in Badlands National Park. 
 
Figure 2: Map showing topographic regions and test hole locations. 
 
Water and Hydrogeology 
Development of groundwater for irrigation in the study area began in the 1950’s and reached its 
peak in the 1970’s, waning through the 1980’s and 1990’s, and increasing again in the 2000’s 
(Korus et al., 2013). The LLNRD has a moratorium on new groundwater irrigation wells since 
2007, and on increases in groundwater and surface water irrigated acres since 2008. The South 
Loup watershed has been restricted on water use transfers (irrigated acres) into the basin since 
2008 as well. Groundwater levels have been relatively stable recently (Figure 3).  However, the 
five, ten and thirty-six year changes indicate that longer term trends may not be as stable, and 
during some intervals of time water level declines occur. Decreasing stream flow between 1947 
and 2011 has been documented, and streams in the region are known to be connected with 
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groundwater and may be dependent on groundwater for much of their stream flow (Engel and 
Rock, 2016).  
  
Figure 3: Map showing one-year spring water level changes (Young et. al., 2017). 
 
 
Figure 4: Map showing five-year spring water level changes (Young et. al., 2017). 
    Page 6 of 52 
 
Figure 5: Map showing ten-year spring water level changes (Young et. al., 2017). 
 
 
Figure 6: Map showing historic spring water level changes over 36 years (Young et. al., 2017). 
 
The Ogallala Group contains a wide variety of materials, from highly conductive coarse sand and 
gravel to fine silt and clay rich sediment that can function as locally significant 
aquicludes/aquitards. Regardless of the fine material present, the Ogallala Group produces water 
where it is found and functions as the principal aquifer in the study area. The White River Group, 
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since it is dominantly composed of wind driven silt and ash, tends to function as an aquiclude. 
The White River group functions as the base of the principal water producing zone of the High 
Plains Aquifer in much of western Nebraska.  Since the White River Group does contain some 
isolated lenses of alluvial sediments, it can function as a minor aquifer locally, and therefore 
coarser, more hydraulically conductive materials may sometimes be found adjacent to 
hydraulically conductive Ogallala Group sediments. Cretaceous rocks, along with fine-grained 
portions of the White River Group are relatively impermeable and form the base of the High 
Plains/Ogallala Aquifer in locations where they are present, including in the study area.  
Methods  
Test holes were drilled by a contractor using mud-rotary techniques under the supervision of 
professional geologists from Conservation and Survey Division. A 6.75-inch three wing drag bit 
was used to drill through Holocene, Pleistocene, and Pliocene sediments, the Ogallala and White 
River Groups, and several feet into Cretaceous (Pierre Shale). All five test holes were advanced 
to the base of the aquifer and into the Pierre Shale past the transition from weathered (yellow to 
green-blue to brown) to unweathered (dark gray to black) shale. Drilling operations were delayed 
during two test holes by the need to stabilize the holes and remove drill string overnight and 
replace drill string the following morning (when the hole could not be completed in one day). 
This was done to ensure rig and site safety. 
Professional geologists collected and described cuttings during drilling operations to determine 
lithologic composition and stratigraphic units. Calcium carbonate (CaCO3) content was 
estimated using dilute hydrochloric acid (10% HCl). The CaCO3 content serves as an estimate of 
the degree of cementation of geologic materials. Cuttings were collected, washed, and placed 
into sample bags. The samples collected from the five test holes were processed at the 
Conservation and Survey Division laboratory and are archived in the CSD repository for future 
research.  
The drilling time for each five-foot interval was recorded using a stopwatch. This time records 
the penetration rate, which when considered together with bit type, rig action and mud pump 
pressure is useful for estimating rock type, clay type and content, and degree of cementation. In 
general, penetration rate is faster in loose, unconsolidated silt, sand and gravel and slower in 
clay, shale, siltstone, and sandstone.  
After the completion of the drilling operation for each test hole, a geophysical log suite was 
obtained using the Conservation and Survey Division geophysical logging unit. Measurements 
included gamma-ray, 64-inch normal resistivity, 16-inch normal resistivity, single-point 
resistance, and spontaneous potential. The geophysical log suite aided in the interpretation of 
lithology and provided information on hydraulic properties of various units encountered within 
the test hole.  
 
Results 
Five test-holes were drilled for this study in Custer and Buffalo counties during the spring of 
2017 (Figure 7). Field logs with geological, geophysical, and penetration rate are included in 
Appendix A. Drillers reports, including well registration and construction information is 
included in Appendix B. 
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Figure 7: Map showing test hole locations in Custer and Buffalo Counties, overlaid on topographic hillshade of the 
study area. 
 
Test hole 01-LL-2017 was drilled on April 3 and 4, 2017, and is located in Custer County, about 
½ mile north of the South Loup River and approximately midway between Arnold and Callaway, 
along South Loup River Road (Figure 8). The test hole was drilled to a depth of 770 feet. 
Preliminary stratigraphic interpretation indicated the top of the Ogallala Group was likely 
encountered between 68 and 92 feet. The top of the Brule Formation was estimated to be 700 to 
707 feet deep. Chadron Formation may occur between 710 and 743 feet. The Pierre Shale was 
identified below 743 feet.  
Test hole 02-LL-2017 was drilled on April 5 and 6, 2017, and is located in Custer County, on a 
table land about 4 miles north of the South Loup River and a roughly half way between Callaway 
and Broken Bow (Figure 9).  The test hole was drilled to a depth of 952 feet. Preliminary 
stratigraphic interpretation indicated the top of the Ogallala Group was likely encountered 
around 187 feet. The Brule Formation may have been encountered in this test at about 844 feet. 
Chadron Formation, including a sand unit, may occur at this location between 892 and 922 feet. 
The Pierre Shale was identified below 922 feet. 
Test hole 03-LL-2017 was drilled on April 11, 2017, and is located in Custer County, in a side 
valley near its headwall about 4.3 miles northeast of the South Loup River (which flows to the 
southeast in this part of the study reach), and almost 10 miles southwest of Mason City (Figure 
10).  The test hole was drilled to a depth of 565 feet. Preliminary stratigraphic interpretation 
indicated the top of the Ogallala Group was likely encountered between 55 and 65 feet. The 
Brule Formation may have been encountered in this test at about 465 feet. Chadron Formation, 
including a sandstone unit, may occur at this location between 509 and 543 feet. The Pierre Shale 
was identified below 543 feet. 
    Page 9 of 52 
 
Figure 8: Map showing the location of test hole 01‐LL‐2017 and previously conducted test hole locations, overlaid 
on topographic hillshade of the study area. 
 
Figure 9: Map showing the location of test hole 02‐LL‐2017 and previously conducted test hole locations, overlaid 
on topographic hillshade of the study area. 
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Figure 10: Map showing the location of test hole 03‐LL‐2017 and previously conducted test hole locations, overlaid 
on topographic hillshade of the study area. 
Test hole 04-LL-2017 was drilled on April 12, 2017, and is located in Buffalo County, on 
dissected land about 2 miles southwest of the South Loup River and about eight miles east and 
two miles north of Miller (Figure 11).  The test hole was drilled to a depth of 370 feet. 
Preliminary stratigraphic interpretation indicated the top of the Ogallala Group was likely 
encountered around 55 feet. The Brule and Chadron Formations were not found in this test. 
Pierre Shale was identified below 346 feet. 
 
    Page 11 of 52 
Figure 11: Map showing the location of test hole 04‐LL‐2017 and previously conducted test hole locations, overlaid 
on topographic hillshade of the study area. 
  
Test hole 05-LL-2017 was drilled on April 13, 2017, and is located in Buffalo County, on an 
upland in a dissected area about 4 miles south of the South Loup River and about 10 miles 
southwest of Ravenna (Figure 9).  The test hole was drilled to a depth of 380 feet. Preliminary 
stratigraphic interpretation indicated a transition from Peoria to Loveland Loess between 20 and 
30 feet; including the Peoria, Gilman Canyon, Sangamon, and Loveland, with the top of the 
Ogallala Group encountered around 85 feet. White River Group sediments were not found in this 
test hole. The Pierre Shale was identified below 362 feet. 
 
Figure 12: Map showing the location of test hole 05‐LL‐2017 and previously conducted test hole locations, overlaid 
on topographic hillshade of the study area. 
 
The data obtained from the test hole sampling and logging and estimated water table depths were 
used to design wells at each test-hole site. The test holes were located at least 0.17 miles from the 
nearest irrigation wells. None of the nearby irrigation wells were being pumped during the test-
hole drilling operation. Therefore, water table depths estimated in the test-hole logs probably 
represent seasonal recovery conditions at those locations. Table 1 contains a summary of the 
estimated depth to groundwater and hydrogeologic units. 
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Table 1: Table showing aquifer extent and monitoring well screens. 
 
 
Several possible screened intervals were provided by CSD to the NRD and described 
hydraulically. The NRD then selected the best intervals to provide information for their 
purposes. Generally, screened intervals were selected to collect data from the deepest extent 
possible in the High Plains Aquifer, as well as from a shallower interval likely to be in direct 
hydraulic contact with nearby streams. Optimal screen placement for a water table observation 
well is at the water table and screen length should account for seasonal fluctuations in water 
level. However, in areas with poorly constrained water table or seasonal fluctuation information, 
a water-table well may go dry when the water table falls below the bottom of the screen. 
Therefore, it is preferable in such conditions to place the screen at some depth below the water 
table to account for seasonal and possible future water level declines.  
 
Shallow and deep monitoring wells were installed according to the geologists’ recommendations 
provided and initial water level readings were collected between October 16 and November 20, 
2017. Appendix B contains the construction details of the ten wells installed. Table 2 outlines the 
depth to water from the top of each well installed in the shallow and deep portions of the aquifer, 
along with the previous estimate of the head (water elevation) at each test hole site.  
 
Table 2: Table showing estimate of the total head for each monitoring point, along with a corresponding measured 
depth to water in each well.  
 
 
Groundwater is a crucial and essential natural resource. The Lower Loup Natural Resources 
District has been charged with the responsibility of managing and conserving groundwater 
within its boundaries. Currently, its observation well network consists of irrigation wells owned 
by local farmers and dedicated monitoring wells owned by the NRD. The LLNRD has used this 
project to expand its network of dedicated observation wells and to increase the frequency that 
water level measurements are collected. Each of the wells installed during this study have been 
outfitted with In-Situ pressure transducers that record the water level every 8 hours. Unlike 
Saturated 
Thickness
Depth (ft) Elevation (ft) Depth (ft) Elevation (ft) (ft) Shallow (ft) Deep (ft)
01‐LL‐2017 25 2616 700 1941 675 95 190
02‐LL‐2017 250 2490 843 1897 593 280 390
03‐LL‐2017 115 2305 465 1955 350 175 230
04‐LL‐2017 50 2176 346 1880 296 195 310
05‐LL‐2017 127 2094 362 1859 235 230 350
Top of Well Screen       
(all screens 10')
Base of High Plains 
Aquifer
Estimated Water Table
Test Hole
Depth (ft) Elevation 
(ft)
Depth to 
water (ft)
Elevation 
(ft)
Depth to 
water (ft)
Elevation 
(ft)
01‐LL‐2017 Chesley 25 2616 31 2612 31 2612
02‐LL‐2017 Buhlmann 250 2490 278 2465 279 2464
03‐LL‐2017 VanZant 115 2305 122 2301 100 2323
04‐LL‐2017 Bergt 50 2176 63 2166 63 2166
05‐LL‐2017 Jolyn 127 2094 138 2086 138 2086
Measured Head        
(deep wells)
Measured Head 
(shallow wells)
Estimated Water table 
(from Table 1)
Test Hole Location 
Name
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irrigation wells, observation wells are designed specifically for data collection and can be 
installed in more strategic locations and depths. The digital water-level loggers installed in these 
wells can collect frequent data for monitoring short and long-term variability. Dedicated 
observation wells can be screened over discrete zones to deliberately and accurately measure 
water table/pressure head fluctuations and collect samples for water chemistry, illustrating both 
horizontal (geographic) and vertical (hydro-stratigraphic) variability. Data obtained from 
dedicated observation wells can aid the district in effectively managing and conserving 
groundwater resources. 
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Appendix A 
Test Hole 01-LL-2017 field log (next 4 pages) 
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Test Hole 02-LL-2017 field log (next 5 pages) 
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Test Hole 03-LL-2017 field log (next 3 pages) 
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Test Hole 04-LL-2017 field log (next 3 pages) 
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Test Hole 05-LL-2017 field log (next 3 pages) 
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Appendix B 
Drillers report showing well registration number and construction diagram for the shallow and 
deep wells installed at Test-Hole 01-LL-2017 location (next 4 pages). 
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Drillers report showing well registration number and construction diagram for the shallow and 
deep wells installed at Test-Hole 02-LL-2017 location (next 4 pages). 
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Drillers report showing well registration number and construction diagram for the shallow and 
deep wells installed at Test-Hole 03-LL-2017 location (next 4 pages). 
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Drillers report showing well registration number and construction diagram for the shallow and 
deep wells installed at Test-Hole 04-LL-2017 location (next 4 pages).
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Drillers report showing well registration number and construction diagram for the shallow and 
deep wells installed at Test-Hole 05-LL-2017 location (next 4 pages). 
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